The main objective of this paper is to model the flow hydrodynamics over the Gulf for the next decades with consideration of the climate change. The large scale triangular finite volume C-grid scheme was implemented in a large scale hydrodynamic model of the Gulf. The large scale model is validated using the observed water levels at WAKRAH and UMMSAID. Then, by employing the developed positivity 
scenarios to develop the downscaling method. Later, we use the results of the projected wind speeds as an input to the flow models. In order to model the flow field in a large-scale, we employ the developed finite volume triangular C-grid in combination with the Leap-Frog time stepping technique [7] [8] . The historical water level data is used as the boundary condition and also for validating the flow model. The results of the large scale model (water level) will be used as boundary condition for the local model.
Finally, we use the developed quadrilateral central-upwind scheme in [9] to simulate the flow hydrodynamics along the coastal area of Qatar. Fig. 1 shows the area of interest for both large-scale and local model. The results of flow models can be implemented for many practical applications. 
CLIMATE CHANGE MODEL: WIND SPEED
In order to consider the impact of climate change on the flow hydrodynamics, we consider the changes of wind speed, as one of the most important variables in deriving the flows and waves on estuaries. To this end, the Quantile-Quantile downscaling method, described in [6] , is used to project the wind speed over the Qatar coastal areas. A multi-model multi-scenario approach has been employed to take into account the uncertainties associated with the GCM outputs. Since the area of the study is located along the Qatar coastal areas, we use the historical wind speed data at the Doha International Airport to project the wind speed. The results of the future wind speed can be directly implemented into the flow models as the wind stress in the shallow water equations. Since this part of the study intends to proof the applicability of the developed models, we use the results of the predicted daily wind speed under the RCP85 scenario of the ensemble average model.
LARGE-SCALE FLOW MODEL
Various dispersion relations and Fourier analyses were used to investigate the behaviour of the triangular finite volume C-grid in combination with different time-stepping methods [7] [8] . The various analyses were performed for both short fast gravity and slow long Rossby waves. Both of these flows are of essential importance and an appropriate numerical model should be capable of modelling them.
The C-grid scheme in [7] [8] showed the ability to preserve the symmetric shape of different waves, and there is no significant damping associated with the results. The results demonstrated that the scheme is capable of simulating both short fast gravity waves as well as long slow waves. Various source terms such as Coriolis force, surface wind, bed shear stress and uneven bottom topography terms, which are very important in practical applications, were considered in the momentum equation through a number of numerical experiments, and the results were satisfactory. Both the linear and non-linear behaviour of the numerical scheme were also examined, and the scheme performed well in both cases [7] [8] .
We consider the shallow water equations with the Coriolis force, wind stress, bottom friction and bottom topography terms in the momentum equation, see equations:
friction, can be written as follows:
(1)
where stands for the surface elevation, and are the components of thedepth-averaged velocity vector = ( , ) in the − and − directions, is the Coriolis parameter, is the gravitational acceleration, is the reference depth of the water, is the surface wind stress vector and is the bottom drag coefficient.
The bed friction terms are estimated by = √ 2 + 2 and = √ 2 + 2 where is an empirical coefficient based on bed roughness. We use the following equation based on the Chezy friction law:
where is the Chezy friction coefficient. In order to estimate the wind stress = ( , ), we use the following equation:
where is the wind speed, is the wind stress coefficient and is the wind direction.
As the final step, we employ the triangular finite volume C-grid scheme to simulate the flow over the Gulf. The calibrated parameters are found to be = 5 × 10 −6 and = 70. In Fig. 6 .3, the computed water level is compared to the observed values at UMMSAID for a 15-day period from 2010-05-14 to 2010-05-29. As it can be seen, there is a good agreement between the computed and observed data.
(a) (b) We also use the bathymetry data for the Gulf and consider the topography term in the momentum equations. Fig. 4 shows a sample of results of the water elevation as well as velocity field over the Gulf.
The water surface and velocity components of the solutions can be employed as the boundary condition of the local model. They are also high resolution, due to the smaller amount of the numerical dissipation. Moreover, they have an upwind nature, since they respect the directions of wave propagation.
We now employ the developed well-balanced positivity preserving central-upwind scheme for unstructured quadrilateral grids in [9] to locally simulate the flow over the Qatar coastal area. We generate a fully unstructured quadrilateral mesh grid for the selected domain which is shown in Fig. 5 .
As shows that the use of various RCP scenarios will result in a different water level time series. For instance, at the second point ( Fig. 7-middle ), RCP85 and RCP26 hold different results at most times. Indeed, RCP85 predicts higher water elevation than RCP26. Note that the effect of climate change will not be the same through all the domains. As can be seen in Fig. 7 (top) , under both RCPs, the results of projected water level is almost the same as the historical one, while this is not the case in the other two points. 
CONCLUSION
The objective of this study was to simulate the flow over the Gulf under the changing climate. To this end, first, we have come up with the projected wind speed under the climate change. Second, we used different developed numerical schemes in [6] [7] [8] [9] .
In order to consider the climate change impacts on the flow condition over the coastal area of the Gulf, the wind speed as the main climate variable which affects the flow and wave fields has been considered.
A multi-model multi-scenario approach was employed to project the wind speed over the Qatar coastal areas. Indeed, we have used three different models from CMIP5 experiments under various RCP scenarios. This allows us to take into account the high uncertainties associated with the general circulation models. We employed the Quantile-Quantile method which performs better prediction, particularly for extreme events.
In regards with the numerical scheme for solving shallow water equations, we also used the finite volume unstructured C-grid scheme in combination with the Leap-Frog time stepping method in [7] [8] .
The triangular C-grid scheme also showed ability to preserve the symmetric shape of different waves while there is no significant damping associated with the results. The results demonstrated that the scheme is capable of simulating fast gravity waves as well as long slow waves, which play an essential role in transferring the energy. Various source terms such as surface wind, bed shear stress and uneven topography terms were considered in the momentum equation.
In order to consider the climate change impact, we considered the projected wind speed as the surface wind stress term in the shallow water equations. We simulated the flow over the Gulf under the changing climate. The water surface and velocity components of the solutions can be employed for many practical purposes. 
